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Abstract 

To  evaluate  the  ability  of  polyaryl  ^ermoplastfc  coatines 
(PEEKr  to  protLrt"'"'‘'b  Po^heny^Lhe/etherLtoL 

(peek;,  to  protect  zinc  phosphate  (Zn- Ph) -treated  steels  frnm 
^  a.O  H,SO.,  3  0  wt%  nIcT 

them  In  auto’cUve  ko^me^sTe’^Xlr  terfo™ 

cyclic  fatigue  teste  (I'ryc!:  U  href fj'cf f"® 

apt  i 

pps-ct:Lr  :;rttr'remi?aiTe:c&Tt 

the  PPS  and  Zn  in  rVis  7r,.  ut,  i  i  interfaces  between 

reaction  product,  which  enhance^^the^  Zn^°Ph- to  PPradh°’^ h 
correspondingly  there  wprp  np  t  I'd  to -PPS  adhesive  bond; 

the  coating  after  90  cycles  In  add^ M  °  separation  of 

reaction  P^ooucts  are  ^soluble  Intermediate 

of  delamination  of  thp  ppq  +-•  ^  niinimized  the  rate 

r  r- £;  or-dlL^-h; 

Introduction 

orientation  caused  by  the  chain  e«::sko'k\^t"?hVlr"eUlVpolnt!" 


290OC  for  PPS^'^  and  -  340oC  for  PEEK^'V  This  orientation  leads  to 
the  crystallization  of  these  polymers  during  cooling.  Such  melt- 
crvstallization  behavior  of  these  polyaryls  give  them  specific, 
SrSie  oLracterlstlcs  aa  coatings;  they  show  high- temperature 
tSillty,  chemical  and  hydrothermal  resistance,  ““  have  good 
mechanical  properties.  In  addition,  there  are  no  limitations  on 
their  shelf-  or  pot-life,  nor  problems  of  waste  disposal  because  any 
excess  crystallized  polyaryl  phase  reverts  to  the  molten  phase  in  a 
hot  oven  ^  Also,  the  surfaces  of  powdered  form  of  these  P°lyaryls 
have  a  good  wettability  in  water,  suggesting  that  the  water-based 
nolymer^lurries  can  be  formulated  to  use  in  simple  dip -withdrawing 
and  cold  spray  coating  methods.  In  a  previous  stud/'S  we 
investigated  the  interface  of  polyaryls -to -steel  joints  prepared  in 
olyil^or  nitrogen  environments  at  -  350oC.  With  PPS ,  its  oxidation 
deletion  in  hot  0,  caused  the  emission  of  corrosive  reactants ,  such 
as  st  and  SO3  gases,  in  accordance  with  following  O^-associateu 

degradation  routes ; 


V  V-'J-.-  cr  -,//  V 


0,  t  *  80,  f 


The  interfacial  interaction  of  these  gases  with  FeA  at  the 

outermost  surface  side  of  steel  introduced  sulfur-related  ^eacti 

nroducts  such  as  FejCSOjj.  FeSO,,  and  FeS,  into  the 
interfacial  boundary  zones.  However,  although  J;ey 

compounds  are  known  as  the  I 

sienificantly  improved  the  bond  strength  between  the  PPS  and  steel. 

In  contrast,  the  adherence  of  PPS  prepared  in  hot 

very  poor.  In  the  PEEK/steel  joint  systems,  tl:^  O^-catalyz  ^ 
degradation  of  PEEK  promoted  the  incorporation  of  carboxylate  gro  p  ; 
into  the  cl  ^in- scissored  linear  structure, 


Such  degradation  not  only  corresponded  to  a  low  degree  j 
crystallinity  of  PEEK,  but  also  caused  its  sei^ration  from  , 
steel.  A  good  adhesion  performance  of  PEEK  to  steel  was  noted  in  t  j 

joint  rate  of  cathodic  delamination  of 

films  from  steel,  brought  about  by  the  cathodic  reaction,  ,  +  /  j 
+  2e‘  ^  20H‘,  which  occurs  under  the  coating  adjacent  to  | 


A  considerable  attention  in  tbis  corrosion  reaction 
i  processes  was  given  to  the  creation  of  a  high  pH  environment  at  the 
!  cathodic  sites;  namely,  the  created  alkali  circumstance  beneath  the 
coating  not  only  causes  the  formation  of  corrosion  products,  but 
also  promoted  the  alkali -catalyzed  decomposition  of  the  interfacial 
i  reaction  products,  especially  for  Fe2(S04)3  and  FeSO^,  at  the 
!  PPS/steel  interfaces,  and  the  saponification  of  the  PEEK  polymer  in 
1  contact  with  the  steel.  Subsequently,  these  phenomena  led  to  a  high 
i  rate  of  cathodic  delamination  of  the  polyaryl  films  from  the  steels. 

I  Thus,  the  necessity  of  the  interface  tailoring  and  modification  to 
i  inhibit  the  onset  of  the  cathodic  reaction  and  to  avoid  the  direct 
I  contact  of  polyaryl  with  steel  becomes  a  more  important  subject. 

^  Regarding  the  interfacial  tailoring  material  systems ,  the 
introduction  of  zinc  or  zinc  alloy  and  zinc  phosphate  (Zn-Ph) 
i  conversion  coatings  into  the  intermediate  layers  is  widely  employed 
as  a  post- treatment  of  steel  surfaces  in  the  autobody  industry. 

On  the  basis  of  this  information,  an  emphasis  in  this  present 
work  was  directed  toward  exploring  the  changes  in  chemistry  and 
I  morphology  occurring  at  the  interfaces  between  peroxide  modified  PPS 
i  or  unmodified  PEEK  coatings  and  phosphated  steels  after  heating- 
1  cooling  cycle  fatigue  tests  of  the  defect- free  polyaryl 
j  topcoat/Zn- Ph/steel  systems  in  an  accelerated  corrosion  environment 

j  at  25®  to  200° C. 

! 

I  Materials 

(  PPS  and  PEEK  powders  for  the  slurry  coatings  were  supplied  by 

the  Phillips  66  Company  and  the  Imperial  Chemical  Industry  (ICI) , 

I  respectively.  The  urea  hydrogen  peroxide  (UHP)  received  from  Aldrich 
I  was  used  as  the  peroxidic  reagent  which  promote  the  rate  of 
I  oxidation  of  sulfur  in  the  PPS.  These  polyaryl  films  were  deposited 
I  on  the  surfaces  of  the  Zn*  Ph-treated  steel  substrate  in  the 
I  following  way.  First,  the  substrates  were  dipped  into  the  polyaryl 
f  slurries  (see  Table  1)  at  25°C.  The  PPS  slurry-coated  substrates 
I  were  heated  in  air  for  2  hrs  at  350° C;  and  the  PEEK  slurry -coated 
jl  substrates  were  heated  in  N2  for  2  hrs  at  400°C,  and  then  cooled  to 
room  temperature  at  the  rate  of  -  10°C/min.  The  thickness  of  the 
i  polyaryl  coating  films  of  all  specimens  ranged  from  0.075  to  0.1  mm. 

Table  1 

Formulation  of  UHP-Modified  and  Unmodified  PPS  and  PEEK  Slurries 

r 

Polvarvi 
PEEK 
f  PPS 
I  PPS 
I  PPS 


Slurry  formulation 

40  wt%  PEEK-52  wt%  water-8  wt%  propyleneglycol 
40  wtZ  PPS- 52  wt%  water -8  wt%  propyleneglycol 
39  wt%  PPS -50  wt%  water- 8  wt%  propyleneglycol -3  Wt%UHP 
37  wt%  PPS -48  wt%  water- 8  wt%  propyleneglycol- 7  wt%UHP 


Measurements 

The  cyclic  fatigue  tests  for  the  PPS  and  PEEK-coated  Zn*Ph  ^ 
steel  panels  (7.5  cm  x  7.5  cm)  were  accomplished  as  follows;  the  ! 
coated  specimens  were  directly  soaked  in  a  corrosive  solution  | 
consisting  of  1.0  wt%  H^SO^,  3.0  wt%  NaCl,  and  96.0  wt%  water  at  1 
temperatures  from  25  to  200®C,  and  then  the  heating-cooling  cycles  : 
(one  cycle  =  12  hrs  at  200®C  +  12  hrs  at  25‘>C)  were  repeated  up  to  1 
90  times.  The  overall  appearance  and  the  interfaces  of  the  specimens  ; 
after  1,  5,  10,  20,  30,  60,  and  90  cycles  were  examined  to  gain  the 
information  on  their  hydrothermal  durability  or  the  decomposition  of 
coatings ,  and  the  changes  in  chemical  nature  occurring  at  the 
polymer -substrate  interfaces.  These  information  were  gained  using  ; 
the  combined  technologies  of  scanning  electron  microscopy  (SEM), 
energy-dispersion  x-ray  spectrometry  (EDX) ,  and  x-ray  photoelectron  j 
spectroscopy  (XPS) .  The  integrated  data  from  all  these  approaches  f 
were  correlated  directly  with  the  corrosion-related  data,  such  as  ' 
the  impedance,  IZl,  obtained  from  AC  electrochemical  impedance  ; 
spectroscopy  (EIS)  in  an  aerated  0.5  N  NaCl  electrolyte  at  25‘>C,  and  ; 
also  cathodic  delamination  tests.  The  latter  were  conducted  in  an 
air-covered  1.0  M  NaCl  solution  using  an  applied  potential  of  -  1.5  | 
V  vs.  SCE  for  8  days.  The  total  area  of  film  in  contact  with  the  } 
NaCl  solution  was  6.0  x  10^  mm*.  A  defect  was  made  using  a  1-nm  | 
diameter  drill  bit.  After  exposure,  specimens  were  removed  from  the  | 
cell  and  allowed  to  dry.  The  polyaryl  coating  was  removed  by  | 
cutting,  revealing  a  delaminated  region  that  appeared  as  a  light  | 

gray  area  adjacent  to  the  defect.  j 

i 

Results  and  Di5.cus.«!ion 

Table  2  shows  the  changes  in  appearance  of  coatings  for  the  i 
PEEK/Zn- Ph/steel,  and  the  UHP-modif ied  and  unmodified  PPS/steel  and  | 

/Zn-Ph/steel  joint  systems  as  a  function  of  cycle  number.  Using  PEEK  i 

1 

[ 

j 

Table  2  i 

Visual  Observation  of  PPS  and  PEEK  Coating  Films  as  a  Function  of  | 

Heating-Cooling  Cycles  1 


UHP  Cycles 


Polvmer 

Substrate  % 

1 

5 

10 

30 

60 

90 

PEEK 

Zn-  Ph/steel  0 

good 

good 

good 

good 

good 

peels 

PPS 

steel  0 

peels 

- 

- 

- 

“ 

PPS 

steel  3 

good 

peels 

- 

- 

- 

" 

PPS 

steel  7 

good  blister 

peels 

• 

- 

- 

PPS 

Zn-  Ph/steel  0 

good 

good 

good 

good 

good 

good 

PPS 

Zn*  Ph/steel  3 

good 

good 

good 

good 

good 

good 

PPS 

Zn*  Ph/steel  7 

good 

good 

good 

good 

good 

good 

coating,  no  blisting  and  lifting  in  appearance  were  observed  in  the 
specimens  after  60  cycles;  however,  an  increase  to  90  cycles  caused 
the  peeling  of  the  film  from  the  Zn’Ph.  Rust  stains  were  clearly 
seen  on  the  separated  substrate  surfaces.  When  the  PPS  coating  was 
deposited  directly  to  the  steel  surfaces  in  the  absence  of  Zn-Ph, 
the  durability  of  the  bond  between  the  coating  and  the  steel 
depended  on  the  concentration  of  UHP.  The  incorporation  of  3  wt%  UHP 
into  the  PPS  gave  a  better  performance;  peeling  of  the  film  occurred 
after  5  cycles,  compared  with  only  one  cycle  for  film  without  UHP. 
A  further  increase  in  concentration  of  UHP  to  7  wt%  extended  the 
service  life  to  10  cycles.  An  encouraging  result  was  obtained  from 
cyclic  tests  of  all  the  PPS -coated  zinc  phosphated  steel  specimens; 
there  are  no  visual  signs  of  delamination  and  damap  after  90  cycles 
in  either  the  modified  and  unmodified  coating  films.  This  result 
proved  that  the  bond  durability  at  the  interfaces  between  PPS  and 
Zn-Ph  is  outstanding,  even  in  such  a  harsh  environment. 

To  establish  the  interfacial  bond  structure.,  and  chemical 
states  hat  govern  such  poor  and  good  bond  durability^  of  polyaryl 
coatings ,  we  investigated  the  interfacial  polyaryl  coating  and  Zn-  Ph 
sides  of  the  PEEK/  and  PPS/Zn- Ph/steel  joints  before  and  after  90 
cycles  by  XPS.  The  XPS  core-level  spectra  of  the  PEEK  side 

separated  from  the  phosphated  steel  before  and  after  90  cycles  were 
illustrated  in  Figure  1.  The  region  of  uncycled  PEEK  side  can  be 
deconvoluted  by  four  resolvable  Gaussian  components  at  BEs  of  285.0 
eV  286  5  eV,  288.0  eV,  and  291.5  eV.  All  these  components 
correspond  to  the  structure  of  PEEK  itself.  A  striking  difference  in 
spectral  features  was  observed  from  the  PEEK  interface  after  90 
cycles;  the  width  of  the  overall  peak  from  282  to  290  eV  was  more 
extensive  suggesting  that  an  additional  chemical  component  was 
introduced  into  the  interfacial  PEEK  side  during  the  fatigue  tests. 
The  new  component,  which  is  reflected  in  peak  No.  5  at  289.4  eV,  can 
be  ascribed  to  the  formation  of  -COO-  (carboxylic  acid  or  ester) 
groups.  Such  an  addition  component  clearly  verified  that  the  PEEK 
coating  itself  undergoes  hydrothermal -catalyzed  esterification. 
Thus,  a  high  susceptibility  of  PEEK  to  hydrothermal -catalyzed 
esterification  causes  the  degradation  of  the  polymer  film,  thereby 
resulting  in  its  delamination. 

In  the  0,  3,  and  7  wt%  UHP-modified  PPS/Zn- Ph/steel  joint 

systems,  the  Zn^pj/j  spectra  for  the  interfacial  Zn-Ph  side  of 
uncycled  specimens  are  depicted  in  Figure  2.  The^  spectrum 
control  (0  wt%  UHP)  reveals  only  a  single  symmetric  peak  at  1024. b 
eV,  caused  by  Zn  originating  from  the  Zn-Ph.  A  noticeable  change  in 
the  shape  of  the  Zn,p3/2  signal  from  the  3  wt%  UHP  specimen  was  the 
emergence  of  a  new  signal  at  1022.7  eV,  corresponding  to  the  Zn  in 
the  ZnS  reaction  product  derived  from  the  interaction  between  F 
and  Zn-Ph;  the  intensity  of  this  peak  grew  with  the  increasing 
concentration  of  UHP.  At  7  wt%  UHP,  the  peak  at  1022.7  eV  becomes 
the  dominant  component,  while  the  Zn- Ph- related  peak  at  .  ® 

S' 


siderably  decays.  We  note  that  there  were  no  signals  reflecting 
c  sulfite  (ZnSOj)  or  sulfate  (ZnSO«)  compounds.  Hence,  it  is 
*ossible  to  assume  that  the  peroxidic  reaction  of  PPS  with  UHP  emits 
CO  or  SO3  gases  adj  acent  to  the  Zn-  Ph  layers ,  and  then  the  emitted 
*  ses  favorably  react  with  the  Zn  in  Zn*  Ph  to  form  ZnS.  If  this 
Interpretation  is  correct,  a  high  rate  of  peroxidic  reaction 
Increasingly  promotes  the  transformation  of  anhydrous  a-  and  7- 
2n  (po4)2,  as  the  major  phases  of  Zn*Ph,  into  ZnS.  For  more 
interesting,  we  found  that  although  UHP-unmodified  PPS  was  used,  ZnS 
also  fomns  at  interfaces  between  the  PPS  and  the  Zn*  Ph  during  the 
cyclic  tests.  Figure  3  displays  the  changes  in  spectral  features  in 


1024.6 


Zn2p3/2 


1029  1025  1021 

Binding  Energy  (eV) 


Figure  3.  region  of  the  Zn*  Ph  Interface  of  0(a)-,  30(b)- 

60(c)-,  and  90(d) -cycled  specimens. 


the  Znjpj/j  region  of  the  Zn*  Ph  side  removed  from  the  unmodified  PPs 
as  a  function  of  cycle  number.  The  data  clearly  verified  that  thej 


line  intensity  of  the  signal  at  1022.7  eV,  corresponding  to  ZnS, 
grew  with  the  increase  in  the  number  of  cycles ,  while  the  peak  line 
of  Zn- Ph  at  1024.6  eV  conspicuously  attenuated.  It  is  apparent  that 
the  ZnS  reaction  product  formed  at  the  PPS-Zn*Ph  contact  zones  plays 
a  major  role  in  forming  an  intermediate  cross-linking  structure, 
which  improves  the  Zn*Ph-to-PPS  adhesive  forces. 


All  this  information  was  correlated  directly  with  the  results 


from  electrochemical  impedance  spectroscopy  (EIS)  and  cathodic ! 
delamination  tests  of  the  uncycled  and  cycled  polaryl- coated  Zn*Ph,t 


specimens.  Figure  4  shows  the  changes  in  imped mce , IZl ,  at  0.01  Hzl 


for  these  coatings  as  a  function  of  cycle  number.  For  the  uncycled 


4  n  :  PEEK-Zn.Ph 


Cyclic  number 


Figure  4,  Changes  In  iinpedance,  IZl,  for  UHP-modified  and 

unmodified  PPS/Zn*Ph,  and  unmodified  PEEK/Zn- Ph  and 
single  Zn* Ph  systems  as  a  function  of  cycle  number. 

f 


specimens,  the  impedance  of  Zn-Ph-coated  steel  in  ni,  v 
:  polyaryls  was  .  7.0  x  10^  ohm-cm^  Once  tL  7  pi!  ^he 

coated  with  the  polyaryls  the  171  surfaces  were 

I  of  ^gnltude .  The  ijl  ^alue  for  all  rhe'oeol""""" 

I  with  an  Increased  cyclic  number.  Thu^  a  nrel„“  <*'«ease 

I  led  to  the  uptake  of  more  electrolytes  bv  the 

rate  of  its  uptake  depended  mainly  on  thf  the 

concentration  of  UHP;  the  lowest  rate  “yttems  and  the 

reduction  of  IZI  value  was  det.™<  j'J’  "^^^l^tting  the  gradual 

PPS/Zn.Ph  coating.  In’ cTntrast  Pm/Z^nV  ™^-<IlfUd 

hipest  rate  of  electrolyte  uptake  corrffnond-  'he 

value  from  -  6  x  10>«  ohm-cm-  at  0  CTCirt^  T  IZl 

cycles.  The  data  also  demonstrated  that  th  “a  ^^'er  10 

for  the  UHP-free  PPS/Zn- PH  to  low  value 

UHP-modified  coatlngs'^^  For  the  'hoae  f“ 

the  IZl  value  remalLd  at  5  x  lO^ot  cm>  1^1“"*'  =  ‘=^'1- 

anodic  corrosion  of  the  underlying  s^el  ’r  ’•'”'’^^.“8  'hat  there  was 
we  ranked  these  coatings  on  a  lot  a.  ^*“2®  ^1“'= . 

electrolyte  in  the  following  order-  7  rr  Sr  Penetration  of 

UHP-modified  PPS/Zn-  Ph  >  PEK/Zn-  Ph  >  Zn  P^  ^  ^  '**'■  >  ° 

An  important  question  thar  ct-iii 

of  the  Zns  reaction  produc^ts  concerned  the  ability 

delamination  of  the  coating  film  from  t!!  y  ^  cathodic 

substantially  insoluble  in  water  afd^ivf-  ^nS  is 

expect  that  this  reaction  product  would  sunnr^^  solutions,  we  would 
polymer  film  caused  by  alkali-catalvzpd  '^elimination  of 

layers  occurring  at  ‘^^^^lyzed  dissolution  of  the  Zn- PV. 

20H-.  figure  5  sL„e  the  defa^t'at^r^""  **=°  ^ 

and  modified  PPS  films  from  the  Zn- a  T  WlP-nodlfied 

PEEK/Zn-Ph/steel  joint  systems  the  cathodic  tests.  For 

low  rate  of  delamlnatlon  of  PEEK  it  the"^'  indicates  that  there  is  a 
increase  to  60  .yoUa  resulted  in  the  i  “ 

delaminatlon.  As  mentioned  earlier  furtheT^^t 

led  to  the  delamlnatlon  of  film  caused  h  "  9°  cycles 

decomposition  of  the  PEEK  etructurrat  the  Induced 

he  rate  of  delaminatlon  for  the  unmnd-e-  '"^'^^‘^es.  In  contrast, 
progressively  reduced  as  a  function  Joint  systems  was 

delaminated  value  of  .  1.8  mm=  aft^r  90  ev°l  'h' 

than  that  for  the  control  specimens  Such  a 

due  mainly  to  the  rapid  rate  of  in  ^  dramatic  reduction  was 

layers  into  ZnS  reaction  produ«f^h‘'°pof  ^In- Ph 

regions;  that  is,  r  high  conversion  ran.  g  v^"’ “'arfaclal 
increased  caused  the  formation  of  lame  Zn- Ph  as  the  cycles 

compound  which  have  no  effect  on  reaction 

decomposition  of  the  Interfaclal  inn  ^  oathodlc  reaction-caused 
reasonable  to  assume  that  the  intern,  a  layers.  Thus,  it  is 

insoluble  in  alkali  solution  at  pH  .  u  h"as  ^hf 

t'  -LJ,  nas  a  high  resistivity  to 


40 


Figure  5.  Rate  of  delamination  of  PEEK,  and  UHP-raodifled  and 

unmodified  PPS  coating  films  from  the  substrate  after 
cathodic  tests  for  8  days  for  polyaryl/Zn- Ph/steel 
joint  systems  as  a  function  of  heating- cooling  cycles. 


cathodic  reaction-created  a.kaline  environii.  nts  ,  thereby  minimizing 
the  rate  of  deiamination .  This  concept  directly  explain  why  the 
rate  of  delamination  for  the  UHP-modified  PPS  systems  before  cycling 
is  lower  than  that  of  unmodified  specimens  at  0  cycle,  because  of 
the  presence  of  large  amounts  of  the  ZnS  compound  which  is  not 
susceptible  to  alkali-catalyzed  dissolution. 

Conclusion 

Wt^  urea  hydrogen  peroxide  (UHP) -modified  polyphenylen 
sulphide  (PPS)  was  used  as  the  topcoat  for  zinc  phosphate  (Zn-Ph)- 
deposited  steel  substrates,  the  interaction  between  the  SOj  or  SO3 
emitted  from  the  peroxided  PPS  and  the  Zn  in  Zn-  Ph  layers  led  to  the 
formation  of  ZnS  compounds  in  the  interfacial  boundary  regions .  This 
reaction  product,  in  conjunction  with  excellent  hydrothermal 
stability  of  PPS  itself,  played  an  important  role  in  improving  the 
PPS-to-Zn-Ph  bond  durability  and  in  providing  a  great  protection  of 
the  steel  from  corrosion  during  its  exposure  to  a  wet,  harsh 
environment.  Although  the  UHP-unmodif ied  PPS  was  coated  over  the 


Zn'Ph,  the  exposure  of  this  coating  system  in  autoclave  at  200°C 
introduced  the  same  sulfide  compound  into  the  intermediate  layers; 
j[ts  amount  progressively  increased  with  an  increased  number  of 
heating- cooling  cycles.  Furthermore,  a  specific  characteristic  of 
this  reaction  product  was  to  inhibit  the  alkali- induced  delamination 
of  the  PPS  film  from  the  substrate  that  was  caused  by  the  cathodic 
reaction,  HjO  +  I/2O2  +  2e‘  ■*  20H‘,  occurring  at  corrosion  sites  in 
the  steel,  because  this  reaction  product  was  insoluble  at  pH  -  13. 
In  contrast,  a  shortcoming  of  the  polyphenyletheretherketone  (PEEK) 
coating  was  its  susceptibility  of  hydro thermal -catalyzed 
esterification.  Thus,  despite  achieving  a  good  bond  at  the  PEEK-to- 
Zn'  Ph  interfaces  due  to  the  mechanical  anchoring  of  the  PEEK 
polymer,  the  esterification- induced  degradation  of  the  structure 
after  90  cycles  caused  the  buckling  delamination  of  film.  As 
expected,  PEEK  coating  systems  which  do  not  have  any  alkali - 
insoluble  reaction  products  underwent  the  cathodic  delamination 
because  they  were  undermined  by  the  alkali  dissolution  of  Zn-  Ph 
layers.  Nevertheless,  it  believed  that  the  combined  layers  of  PPS 
and  Zn*  Ph  afford  great  protection  to  steels  in  a  harsh  environment 
with  temperatures  up  to  200°C. 
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